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RELATED APPLICATIONS 
This application claims priority from U.S. Provisional Patent Application Serial 
Number 60/136,522 which was filed on May 28, 1999. The content of the provisional 
5 application Serial Number 60/136,522 is hereby incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
10 The present invention generally relates to a novel antibody against 

polyethylene glycol (PEG) and a process of using this novel antibody to accelerate the 
clearance of polyethylene glycol conjugates in the human body in cancer therapy as well as 
a method to quantify the concentration of PEG modified compounds. 

15 2. Description of the Related Art 

Recombinant proteins are increasingly being employed for the therapy of a wide 

variety of diseases (Nemunaitis, 1997; Fareed et al y 1998; Hudson, 1998; Lin, 1998; 

Harker, 1999; Sandborn and Hanauer, 1999). Many of the proteins in clinical development 

are modified by the covalent attachment of methoxypoly(ethylene glycol) (PEG). (Menzel et 
20 al. y 1993; Basser et al, 1996; Fareed et al, 1998; Goffin et aL, 1999; Harker, 1999), a 

flexible, linear polymer containing repeating -[OCH 2 CH 2 ]_ subunits (Delgado et ai, 1992). 

PEG-modified proteins often exhibit prolonged circulation half-lives (Beckman et al. 9 1988; 
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Cheng et al , 1997; Chapman et al , 1999) and reduced proteolytic cleavage (Roseng et al, 
1992; Kaneda et al, 1995; Brinckerhoff et al, 1999). Immune responses against proteins 
can also be decreased by covalent attachment of PEG (Abuchowski et al., 1977a). 
Reduction of immunogenicity can be an important consideration because even recombinant 
5 human proteins can induce a humoral immune response (Atkins et al , 1986; Gribben et al , 
1990). Conjugates formed between drugs and PEG have also recently been developed 
(Caliceti et al , 1993; Conover et al , 1997; Greenwald et al , 1998; Pendri et al , 1998). In 
addition, covalent attachment of PEG to liposomes has been found to reduce non-specific 
uptake as well as increase liposome stability and half-life (Kirpotin et al , 1997; Cabanes et 

10 al, 1998; Meyer et al, 1998). 

Clinical development of PEG-modified proteins requires measurement of the 
pharmacokinetics in animals and patients. Ideally, the concentration of intact PEG-modified 
protein should be measured. Simple methods to measure intact PEG-protein conjugates, 
however, are not available. Analysis of PEG-modified proteins has been problematic 

15 (Delgado et al., 1992). Sodium dodecylsulfate polyacrylamide gel electrophoresis can be 
used to measure the relative size of PEG-modified proteins, but the mobility of PEG- 
modified proteins is slower than the expected molecular weight (Suzuki et al, 1984; Katre 
et al, 1987). Conjugates can be indirectly measured by first radiolabeling the protein 
(Kaneda et al y 1995; Cheng et al, 1997; Yabe et al, 1999) or PEG (Mullin et al, 1997), 

20 but radioisotopes pose safety concerns and require special handling. Functional assays can 
be employed to measure the concentration of the protein component of conjugates (Cheng et 
al, 1997; Esslinger et al, 1997), but no information is provided about the stability of 
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covalently attached PEG chains. Methods that measure the number of PEG molecules 
attached to a protein (Habeeb, 1966; Stocks et al. 9 1986) require that purified conjugate be 
employed which is difficult to achieve in pharmacokinetic studies. Methods that directly 
measure the concentration of PEG are relatively insensitive. Colorimetric methods based on 
5 complex formation between barium-iodide and PEG require that proteins are first removed 
and have detection limits of around 1-5 /xg PEG (Childs, 1975). A colorimetric method 
based on partitioning of a chromophore present in aqueous ammonium ferrothiocyanate 
reagent can be employed for complex protein mixtures but has a detection limit of 1-5 /xg 
PEG (Nag et aL, 1996; Nag^/ aL y 1997). High performance liquid chromatography can 

10 detect PEG with a detection limit around 1-5 /xg/ml (Kinahan and Smyth, 1991; Ryan et aL y 
1992; Ruddy and Hadzija, 1994; Miles et aL y 1997). Phase-partitioning can be employed to 
measure PEG but the assay sensitivity is about 1 /*g PEG (Guermant et al. y 1995). Finally, 
polyclonal antibodies against PEG can detect the presence of 1 /xg/ml PEG in PEG-modified 
proteins (Richter and Akerblorn, 1983). 

15 The development of monoclonal antibodies against PEG could allow quantitation of 

PEG and PEG-modified proteins by standard immunoligical assays including ELISA, 
immunoblotting, dot blotting and radioimmunoassay. It is difficult, however, to produce 
antibodies against PEG due to its ability to modulate immune responses. For example, 
immune responses against proteins are often decreased by covalent attachment of PEG 

20 (Abuchowski et aL, 1977b). PEG modification has been shown to reduce the 
immunogenicity of enzymes (Abuchowski et ai, 1977a; Chaffee et aL, 1992), antibodies 
(Kitamura et al. y 1991), toxins (Wang et aL, 1993; He et aL, 1999), recombinant human^ 
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proteins (Katre, 1990) and other proteins (Chinol et al , 1998). PEG-modified proteins often 
induce tolerance to the unmodified protein in many (Lee et al, 1981; Savoca et al, 1984; 
Maiti et al, 1988; Saito et al, 1996; Ito et al, 1997; Ito et al, 1998), but not all cases 
(Savoca et al, 1979; Chen et al, 1981). Rabbit polyclonal antibodies against PEG have 
5 been generated by immunizing rabbits with PEG linked to different proteins (Richter and 
Akerblom, 1983). PEG alone did not generate an immune response. PEG linked to bovine 
superoxide dismutase or ragweed pollen extract did not reproducibly generate an anti-PEG 
response even when the immunogens were given in Freund's complete adjuvant. PEG- 
modified ovalbumin in Freund's complete adjuvant produced an antibody response in most 

10 but not all animals. Antisera raised against PEG-modified ovalbumin could detect PEG- 
modified proteins with a limit of detection of approximately 1 /*g/ml (Richter and 
Akerblom, 1983). However, no monoclonal antibodies have been successfully produced 
against PEG to date. Monoclonal antibodies possess advantages compared to polyclonal 
anti-serum for standardized assays including the ability to produce unlimited quantities of 

15 homogeneous antibody with consistent binding affinity. 

A major goal of anti-tumor drug development is to increase the therapeutic index of 
chemotherapy, thereby improving treatment efficacy. One approach to increase the 
therapeutic index of chemotherapy is to preferentially activate antineoplastic prodrugs at 
cancer cells but not normal tissues. Tumor selectivity may be achieved by enzymatically 

20 converting prodrugs possessing low toxicity to highly toxic antineoplastic agents by 
previously administered antibody-enzyme conjugates (immunoenzymes) that have been 
allowed to accumulate at tumor cells (Bagshawe et al, 1988; Senter et al, 1988). Even 
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though maximum accumulation of immunoenzymes in tumors occurs around 24 h after 
administration (Bosslet et aL, 1994; Wallace et aL, 1994), prodrugs are generally 
administered from 3-7 days (Bosslet el at. , 1994; Svensson et aL , 1998) to up to 2 weeks 
(Eccles et aL, 1994) later to allow adequate time for conjugate to clear from the blood, 
5 thereby minimizing systemic prodrug activation and associated toxicity to normal tissues. The 
requisite of low circulating levels of immunoenzyme therefore often precludes prodrug 
administration when maximum localization has been achieved. 

Prodrugs can be administered during the period of maximum tumor accumulation of 
immunoenzymes if circulating conjugates are removed or deactivated. Several methods have 

10 ^ been devised to accelerate the clearance of radioimmunoconjugates and immunoenzymes ^ 
from the circulation including the administration of polyclonal (Stewart et ai, 1990) and 
anti-idiotypic antibodies (Ullen et aL, 1995a; Ullen et aL, 1995b) against the antibody 
portion of the immunoconjugate, injection of avidin to clear biotinylated antibodies 
(Klibanov et aL, 1988; Paganelli et aL, 1991; Stella et aL, 1994; Kobayashi et aL, 1995), 

15 use of monoclonal antibodies against enzymes to clear (Kerr et aL, 1993; Haisma et aL, 
1995) or deactivate (Sharma et aL, 1990) immunoenzymes, and extracorporeal 
immunoadsorption (Tennvall et aL , 1997) to remove immunoconjugates from plasma. 

fl-Glucuronidase targeted to tumor cells can activate the glucuronide prodrug 
(BHAMG) of p-hydroxy aniline mustard (pHAM) in vitro (Wang et aL, 1992) and cure 

20 advanced hepatoma ascites in a rat model (Chen et aL, 1997). Antibody-6G conjugates 
injected intravenously, however, are rapidly cleared from the circulation before significant 
tumor accumulation occurs (Cheng et aL, 1997). Modification of 6G with PEG can extend 



-6- 



Express Mail 0EL447232O51US 

the half-life of antibody-BG conjugates, decrease the normal tissue uptake, and increase the 
localization of the conjugate at the solid tumors in nude mice (Cheng et aL y 1997). 
Although the extended half-life of PEG-modified 6G conjugate is desirable for improved 
tumor uptake, at least five days were required for the serum concentration of the 
5 conjugates to reach a safe level before a prodrug could be administered (Cheng et al. y 
1997). The accelerated clearance of conjugates from the circulation may allow earlier 
prodrug administration when the maximum amount of the conjugate is present at tumor 
cells. We generated mAbs against 6G and PEG and examined their effects on the clearance 
of the BG-sPEG conjugates. The effect of incorporating galactose residues in the clearing 

10 antibodies was also examined because galactose can accelerate the removal of proteins 
from the circulation (Thornburg et aL, 1980) by the hepatic asialoglycoprotein receptor 
(Ong et aL, 1991). Rapid clearance of an antibody-carboxypeptidase G2 conjugate by a 
galactose-modified antibody (Sharma et aL, 1990; Sharma et aL, 1994) allowed earlier 
administration of a prodrug with reduced toxicity (Rogers et aL, 1995). In addition, 

15 galactose-modified mAb has also been employed in a clinical trial to remove residual 
antibody-carboxypeptidase G2 conjugate from the circulation before prodrug administration 
(Martin etaL y 1997). 
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SUMMARY OF THE INVENTION 

We have produced a monoclonal antibody AGP3 that binds to polyethylene glycol 
(PEG) by immunizing mice with a conjugate (RH1-BG-PEG) in which PEG-modified beta- 
glucuronidase (6G) was covalently attached to a murine immunoglobulin (mAb RH1). 
5 Fusion of myeloma cells with spleen cells isolated from mice immunized with RH1-BG- 
PEG without adjuvant resulted in the isolation of a hybridoma secreting an IgM 
monoclonal antibody to PEG. Such a monoclonal antibody is useful for quantifying the 
concentration of PEG or PEG-containing compounds in a sample in vitro. 

In the present application, we have also developed a clearance system for PEG- 

10 modified compounds (Cheng et aL , 1999; Cheng et aL , In press) for use in cancer therapy 
through antibody-directed enzyme activation of glucuronide prodrugs. We have found that 
an IgM antibody against PEG can satisfactorily clear PEG-containing compounds from the 
circulation without significant toxic side-effects. 

PEG-containing proteins often exhibit extended serum half-lives, reduced 

15 immunogenicity and decreased susceptibility to proteolytic degradation (Delgado et aL, 
1992). Antibody fragments and immunoconjugates that have been modified with PEG also 
display reduced normal tissue uptake and enhanced tumor accumulation (Pedley et aL, 
1994; Delgado et aL, 1996; Cheng et aL, 1997). Clearance of PEG-modified 
immunoconjugates with AGP3 may therefore be generally useful. We examined whether 

20 AGP3 could improve tumor-blood ratios and allow earlier administration of a prodrug in a 
preclinical model of human colorectal carcinoma. 
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Accordingly, an object of the present invention is directed to a novel anti-PEG 
antibody and the preparation thereof. 

Another object of the present invention is directed to develop an immunoassay to 
identify or quantify PEG in a sample, using an anti-PEG monoclonal antibody. 

A further object of the present invention is directed to a method of treating a cancer 
patient, which comprises the steps of: 

a. administering a PEG-containing compound comprising tumor 
targeting means and means for activating an anti-tumor prodrug to 
the patient; 

b. administering an anti-polyethylene glycol antibody to the patient to 
accelerate the clearance of the PEG-containing compound from the 
blood circulation after step a; and 

c. administering the anti-tumor prodrug to said patient after step b. 

In a preferred embodiment, PEG-modified 6G was covalently linked to the F(ab')2 
fragment of mAb B72.3, an IgG, antibody that binds to TAG-72 antigen expressed on the 
majority of colon adenocarcinomas, invasive ductal carcinomas of the breast, non-small 
cell lung carcinomas, common epithelial ovarian carcinomas, and gastric, pancreatic and 
esophageal cancers with limited reactivity to normal adult tissues (Thor et aL, 1986). 1 "In- 
labeled B72.3 (Cyt-103) is approved for clinical use as an imaging agent for colorectal and 
ovarian carcinoma (Divgi et 0/., 1994). We have showed that clearance of a PEG-modified 
B72.3 immunoenzyme with AGP3 produced higher tumor-blood ratios without sacrificing 
tumor accumulation, allowing earlier prodrug administration with minimal toxicity. 



Express Mail #EL44723205 1 US 

The various features of novelty which characterize the invention are pointed out with 
particularity in the claims annexed to and forming a part of the disclosure. For a better 
understanding of the invention, its operating advantages, and specific objects attained by its 
use, reference should be had to the drawing and descriptive matter in which there are 
illustrated and described preferred embodiments of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 

Fig. 1 shows binding specificity of antibodies 1E8 and AGP3; 

Fig. 2 is an immunoblot showing the binding of antibodies 1E8 and AGP3; 

Fig. 3 is an immunoblot of different BG-PEG preparations; 

Fig. 4 is an immunoblot showing that AGP3 binds to the backbone of PEG 

rather than the linker or methoxy functions groups; 
Fig. 5 shows the activity of biotin-labeled AGP3; 
Fig. 6 shows measurement of PEG-modified protein by AGP3 ELISA; 
Fig. 7 shows measurement of BG-PEG pharmacokinetics by AGP3 ELISA; 
Fig. 8 shows the elimination of the galactose-modified antibodies from the 

serum of mice; 
Fig. 9 shows the clearance of BG-PEG by antibodies; 
Fig. 10 shows the dose dependency of the clearance of BG-PEG by AGP3; 
Fig. 11 shows the BHAMG-induced organ pathology after BG-PEG clearance; 
Fig. 12 shows the weight changes of the mice and hematological toxicity of 

BHAMG after the clearance of BG-PEG; 
Fig. 13 shows the pH sensitivity of BG; 

Fig. 14 shows the activity of B72 3-8G-PEG and H25-BG-PEG. 

Fig. 15 shows the specificity of mAb B72.3 to LS174T xenografts; 

Fig. 16 shows the sensitivity of LS174T tumor cells to pHAM and BHAMG; 
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Fig. 17 shows the biodistribution of [ ,25 I]-]abeled B72.3-6G-PEG and H25-6G- 
PEG in LS174T tumor-bearing BALB/c nulnu mice; 

Fig. 18 shows the in vivo clearance of the PEG conjugates by the AGP3 
antibody; 

Fig. 19 shows the effect of the clearance of the PEG conjugates by the AGP3 

antibody on the tumor localization; and 
Fig. 20 shows the in vivo antitumor effect of B72.3-BG-PEG conjugate after 

clearance with AGP3. 
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DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 



Abbreviations : 

IES-jcG, mAb 1E8 containing x galactose moieties per antibody. 
5A8-PEG, conjugate formed between mAb 5A8 and BG-sPEG. 
5 AGP3-biotin, mAb AGP3 derivatized with biotin. 

AGP3-xG, monoclonal antibody AGP3 containing x galactose groups per antibody. 
B72.3-B-PEG, conjugate of the F(ab') 2 fragment of mAb B72.3 with BG-sPEG. 
BG, Eschericia coli B-glucuronidase. 

6G-PEG-BG, B-glucuronidase crosslinked with poly(ethylene glycol)-di-succinimidyl 
10 succinamide. 

BG-pPEG, B-glucuronidase modified with pPEG, 

BG-sPEG, 6-glucuronidase modified with sPEG. 

BG-tPEG, B-glucuronidase modified with tPEG. 

BMAMG, glucuronide prodrug of pHAM. } 
15 BSA, bovine serum albumin. 

BSA-sPEG, bovine serum albumin modified with sPEG. 

ELISA, enzyme-linked immunosorbent assay. 

H25-6G-PEG, conjugate of the F(ab') 2 fragment of mAb H25B10 with BG-sPEG. 
HRP, horse-radish peroxidase. 
20 HRP-GAM, horse-radish peroxidase conjugated goat anti-mouse antibody. 

HRP-GAM /x-chain, horse-radish peroxidase conjugated goat anti-mouse IgM /it-chain 
antibody. 
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IC 50 , drug concentration causing 50% inhibition of cellular protein synthesis. 

mAb, monoclonal antibody. 

PBS, phosphate-buffered saline. 

PBS-T, PBS containing 0.05% Tween-20. 

5 PEG, monbmethoxy poly (ethylene glycol). 

PEG-(SSA) 2 , poly(ethylene glycol)-di-succinimidyl succinamide 

pHAM, /7-hydroxy aniline mustard. 

PNPG, p-nitrophenol fl-D-glucuronide. 

pPEG, methoxypoly (ethylene glycol) succinimidyl propionate. 

10 PLT, platelets. 

RBC, red blood cells. 

RH1-6G-PEG, conjugate formed between mAb RH1 and BG-sPEG. 
SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophoresis. * 
SMCC, succinimidyl-4-[N-maleimidomethyl]cyclohexane-l-carboxylate. 
15 sPEG, methoxypoly(ethy!ene glycol) succinimidyl succinate. 
TAG-72, tumor-associated glycoprotein. 
tPEG, methoxypoly (ethylene glycol) tresy late. 
WBC, while blood cells. 
Definitions: 

2 ^ As hereinafter used, the term "conjugate" means a complex formed by chemically- 

linking two or more proteins; the term "derivatize" means chemically linking a small 
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molecular weight compound to a protein; the term "modify" means chemically linking a 
chemical such as PEG or galactose to the surface of a protein. 
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Experimental Procedures 

Materials : BSA (Fraction V), methoxypoly(ethylene glycol) succinimidyl succinate 
(sPEG, MW 5000), methoxypoly(ethylene glycol) tresylate (tPEG, MW 5000), 
cyanomethyl-2, 3, 4, 6-tetra-0-acetyl-l-thio-6-D-galactopyranoside, Ultrogel AcA 22, 
5 trinitrobenzenesulfonic acid, fluorescamine, and p-nitrophenyl 6-D-glucuronide were 
purchased from Sigma Chemical Co. (St. Louis, MO). Methoxypoly (ethylene glycol) 
succinimidyl propionate (pPEG, MW 5000) was obtained from Fluka (Buchs, 
Switzerland). Poly(ethylene glycol)-di-succinimidyl succinamide (PEG-(SSA)2, MW 
3,4000) was purchased from Shearwater Polymers (Huntville, AL). Succinimidyl-6- 

10 (biotinamido) hexanoate (NHS-LC-biotin) was obtained from Pierce (Rockford, IL). 
Sephacryl S-200 HR, Sephacryl S-300 HR and Sephadex G-25 gels were from Pharmacia 
Biotech Asia Pacific Ltd. (Taiwan). pHAM and BHAMG were synthesized as described 
(Roffler et al, 1991). Succinimidyl-4-[N-maleimidomethyl]cyclohexane"l-carboxylate 
(SMCC) was from Pierce Chemical Company, Rockford, IL. 

15 Cells : LS174T colon adenocarcinoma cells (ATCC CL-188) were obtained from the 

American Type Culture Collection (Rockville, MD). Cells were mycoplasma free and 
cultured in Dulbecco's modified Eagle's medium (Gibco BRL, Grand Island, NY) 
supplemented with 10% heat-inactivated bovine serum, 100 U/ml penicillin and 100 /*g/ml 
streptomycin. FO myeloma cells (ATCC CRL-1646) were purchased from the American 

20 Type Culture Collection (Manassas, VA). 

Animals : BALB/c mice were obtained from the animal room of the Institute of 
Biomedical Sciences, Academia Sinica. BALB/c nu/nu mice were from the Cancer 
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Research Laboratory, Tri-Service General Hospital, Taipei. Animal experiments were 
performed in accordance with institute guidelines. 

Apparent to those ordinarily skilled in the art, any of the above described materials, 
cell lines or animals may be substituted by other like materials, cell lines, animals or their 
5 equivalents, produced by any manufacturer, to perform substantially the same functions. 

Antibodies: m Ab RH1, an IgG 2a mAb that binds to an antigen expressed on the 
surface of AS-30D rat hepatoma cells, was generated as described (Roffler et ai, 1994). 
Hybridomas secreting mAb B72.3 (ATCC HB-8108), an IgG, monoclonal antibody 
specific to the tumor-associated glycoprotein (TAG-72) antigen (Johnson et aL, 1986) and 
10 mAb H25B10 (ATCC CRL-8017), a control IgG, antibody that binds to the surface antigen 
of hepatitis B virus, were obtained from the American Type Culture Collection. mAb 5A8, 
^ an IgG 2a mAb that binds to the surface immunoglobulin expressed on 38C13 lymphoma 

cells (Maloney et ai, 1985), was provided by Dr. Mi-Hua Tao, Institute of Biomedical 
Sciences, Academia Sinica. mAbs were purified from ascites by affinity chromatography 
15 on Sepharose-protein A in high salt buffer. The F(ab') 2 fragments of mAb B72.3 and 
H25B10 were generated by proteolytic digestion of whole antibodies with bromelian 
(Milenic et al, 1989). F(ab') 2 fragments were purified by sequential chromatography on 
DE-52 (anion exchange) and Sephacryl S-200 HR (gel filtration). Streptavidin-HRP (horse 
radish peroxidase) was from Serotec (Oxford, UK). HRP-conjugated goat anti-mouse IgM 
20 /x-chain antibody (HRP-GAM ji-chain) and HRP-conjugated goat anti-mouse IgG (HRP- 
GAM) were from Organon Teknika (Durham, NC). 
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PEG-Modification of BG : Recombinant Eschericia c<?/z-derived BG was produced 
and purified as described (Cheng et aL, 1997). Twenty milligrams of sPEG per milligram 
of BG (2 mg/mL) were mixed in coupling buffer (deoxygenated PBS containing 1 mM 
EDTA, pH 8.0) at room temperature for 2 h before one-tenth the volume of a saturated 
5 glycine solution was added to stop the reaction. Unreacted PEG was removed by dialysis 
against PBS or by gel filtration on a 2.5 x 100 cm Sephacryl S-200 HR column eluted with 
PBS at 15 mL/h. Relevant fractions were pooled and concentrated by ultrafiltration to 1.5- 
2.0 mg/mL for storage at -80 °C. BSA was modified with sPEG in a similar manner. In 
some experiments, BG in coupling buffer was modified with 2 mg of sPEG or with 2 or 20 

10 mg of tPEG/mg of BG. 

To produce BG-pPEG, pG was passed through a 2.5 x 30 cm Sephadex G-25 
column equilibrated with 0.1 M borate buffer, pH 8.0 and concentrated by ultrafiltration to 
3 mg/mL Ten milligrams pPEG in 0.1 M borate buffer, pH 8.0 (150 mg/ml) was added 
per mg BG and mixed for 2 h at room temperature before one-tenth volume of a saturated 

15 solution of glycine was added to stop the reaction. Unreacted PEG was removed by gel 
filtration on a 2.5 x 100 cm Ultrogel Ac A 22 column eluted with PBS at 15 ml/h. Relevant 
fractions containing BG-PEG were pooled and concentrated by ultrafiltration to 1 mg/ml 
for storage at -80 °C. BG was crosslinked with PEG-(SSA) 2 (3.3 mg PEG per mg BG) in a 
similar manner to produce 6G-PEG-BG. 

20 Protein concentrations were determined by the bicinchoninic acid assay (Pierce, 

Rockford, IL) with BSA employed as the reference protein. The BCA assay was not 
affected by covalently coupled PEG after removal of free PEG. 
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Conjugation of antibodies to BGsPEG : mAb RH1 and 5A8 were passed through a 
2.6 x 30 cm Sephadex G-25 column equilibrated with coupling buffer and concentrated by 
ultrafiltration to 3 mg/mL. A 4-fold molar excess of SMCC (1 mg/mL in dioxane) was 
slowly added to the antibodies and allowed to react at room temperature for 50 min. 
5 Unreacted SMCC was removed by gel filtration on a 2.6 x 30 cm Sephadex G-25 column 
equilibrated with coupling buffer. Typically, an average of 1 to 1.5 maleimido groups was 
introduced into antibodies. BG-sPEG was partially reduced by adding dithiothreitol to a 
final concentration of 20 mM for 1 h at 37 °C. Freshly derivatized antibody and BG-sPEG 
were immediately mixed at an equal molar ratio, concentrated to 2 mg/mL by ultrafiltration 

10 and incubated at room temperature for 2 h. Cysteine was added to a final concentration of 
2 mM to stop the reaction and the mixture was concentrated by ultrafiltration to about 5 
mg/mL. Conjugates were purified on a 2.5 x 100 cm Sephacryl S-300 HR column 
equilibrated with PBS at a flow rate of 15 mL/h. Fractions containing conjugate monomers 
(antibody/enzyme = 1:1) were pooled and concentrated by ultrafiltration to 1.5-2.0 

15 mg/mL for storage at -80 °C. The yield of conjugates averaged around 35% based on the 
weight of the purified conjugate divided by the total starting weights of antibody and 
enzyme. 

mAb B72.3-F(ab') 2 and mAb H25-F(ab') 2 were also linked to BG-sPEG by the 
procedure described above to produce the conjugates B72.3-BG-PEG and H25-BG-PEG. 
20 Conjugates were purified by size exclusion chromatography on Sephacryl S-300 HR 
equilibrated with PBS. The antigen-binding activity of conjugates were measured by 
ELISA in 96-well microtiter plates coated with bovine submaxillary gland mucin (King et 
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aL, 1994). The combined antigen-binding and enzymatic activities were measured as 
described (Chen et ai, 1997). 

Generation of Monoclonal Antibodies against BG and J3G-PEG : Generally, 
monoclonal antibodies against a PEG molecule or moiety may be produced by conjugating 
5 the PEG molecule with an antigenic molecule, such as a protein. Immunization of mice 
with such conjugated PEG to produce desired antibodies can be routinely performed by a 
person of ordinary skill in the art. Preferably, the conjugated PEG is linked with another 
molecule to form a three-part complex for immunization of mice. Most preferably, female 
BALB/c mice were i.v. injected with 200 jtg of RH1-6G-PEG in PBS on day 1 and i.p. 

10 injected with 100 jig of RH1 -AG-PEG on days 7, 14, 21 and 28. Mice received a final i.v. 
injection of 200 ^g of RH1-BG-PEG on day 54. Hybridomas were generated by fusing 
spleen cells with FO myeloma cells 3 days later (Yeh et aL, 1979). Hybridomas were 
screened by ELISA In 96-well microtiter plates coated with 6G or 6G-PEG. Positive 
hybridomas were cloned by limiting dilution in 96-well plates containing thymocyte feeder 

15 cells in HT medium supplemented with 15% fetal calf serum. The isotypes and subclasses 
of mAbs were determined with the Mouse MonoAb-ID kit according to the manufacturer's 
instructions (Zymed laboratories, South San Francisco, CA). The apparent affinities of 
antibodies were measured as described (Beatty et aL, 1987). 

Purification of AGP3 : AGP3 ascites obtained from pristane-primed eight-week old 

20 BALB/c female mice was centriftiged at 5000 g for 10 min to remove debris. Ascites fluid 
(5 ml) was passed through a 5 ml Sephadex G-25 column equilibrated with PBS and then 
purified by gel filtration on a 2.5 x 100 cm Ultrogel AcA 22 column eluted with PBS at 15 
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ml/h. Fractions containing AGP3 were collected, concentrated by ultrafiltration to 1-2 
mg/ml and stored at -80 °C. Yields of 5-6 mg AGP3 per ml ascites were typically 
achieved. 

Biotinvlation of AGP3 : AGP3 (1 mg/ml) in 0.1 M borate buffer, pH 8.0 was mixed 
5 with a 25-fold molar excess of NHS-LC-biotin for 1 h at room temperature to produce 
AGP3-biotin. One-tenth volume of a saturated solution of glycine was added to stop the 
reaction before aliquots were stored at -80 °C. The antigen-binding activity of AGP3- 
biotin was determined by ELISA in 96-well microplates coated overnight with 1 //g/well 
GG-tPEG (20 mg tPEG per mg 6G). Plates were blocked 1 h at 37 °C with 2% skim milk 

10 in PBS before 50 /iL/well samples of AGP3 or AGP3-biotin in dilution buffer (0.5% BSA, 
0.05% Tween-20 in PBS) were added to the wells for 1 h at room temperature. Plates were 
washed 6 times with PBS/TB (0.05% bovine serum albumin, 0.1% Tween-20 in PBS) and 
50 ML/well of either streptavidin-HRP (1:1000) or HRP-GAM /x-chain (1:1000) in dilution 
buffer were added for 1 h at room temperature. The plates were washed 6 times and 100 

15 /xL/well ABTS substrate (0.4 mg/ml 2,2 T -azino-di(3-ethylbenzthiazoIine~6-sulfonic acid), 
0.003% H 2 0 2 , 100 mM phosphate-citrate, pH 4.0) was added for 30 min at room 
temperature. Absorbance (405 nm) of wells was measured in a Molecular Devices (Menlo 
Park, CA) microliter plate reader. 

Radiolabeling of AGP3 : AGP3 may be radiolabeled by a radioactive isotope such as 

20 125 I or 131 I . Any established method such as a method of iodination suitable for 
radiolabeling a monoclonal antibody may be used for labeling AGP3. 
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AGP3 BUS A : Maxisorp™ 96-well microplates (Nunc™, Roskilde, Denmark) 
were coated with 50 ^L/well of AGP3 (200 /xg/ml in PBS) for 3 h at 37 °C. Plates were 
blocked with 2% skim milk in PBS overnight and washed twice with PBS/T (0.05% Tween- 
20 in PBS) before serial dilutions of 6G or BG-pPEG (50 fit in dilution buffer) were added 
5 to wells for 1.5 h at room temperature. Plates were washed 6 times with PBS/T and 50 
/xL/well AGP3-biotin (20 jig/ml in dilution buffer) was added for 1.5 h at room 
temperature. Plates were again washed with PBS/T and 50 /xL/well streptavidin-HRP 
(1:1000) was added for 1 h at room temperature. Plates were washed before 100 /zL/well 
ABTS substrate was added for 30 min at room temperature. Absorbance (405 nm) of wells 
10 was measured in a microtiter plate reader. The effect of serum on the AGP3 ELISA was 
examined by performing the assay in the presence of 10% serum isolated from healthy 
BALB/c mice. 

The affinities of AGP3 to various PEG molecules were examined using ELISA. 
Generally, AGP3 may bind any PEG molecule with a tendency that its affinities to those 

15 PEG molecules increase with PEG's molecular weights, i.e., the higher the PEG molecular 
weight, the better AGP3 will bind Preferably, AGP3 binds PEG molecules having 
molecular weights ranging from 3,000 to 60,000 daltons, and molecular weights ranging 
from 5,000 to 60,000 daltons are most preferred. , 

Pharmacokinetics of CG-pPEG : Male BALB/c mice were i.v injected with 150 /xg 

20 BG-pPEG. Serum was isolated from blood samples that were periodically removed from 
the tail vein of the mice. The concentration of BG-pPEG in serially-diluted serum samples 
was assayed in triplicate by the AGP3 ELISA. The concentration of fiG-pPEG was \ 
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determined by comparison to a standard curve generated with known concentrations of 6G- 
pPEG. 

Immunoblotting of PEG-Modified Proteins : Samples were electrophoresed in 
sodium-dodecyl polyacrylamide gels under reducing conditions before overnight transfer to 
5 nitrocellulose paper by passive diffusion in blotting buffer (50 mM NaCl, 2 mM EDTA, 
0.5 mM 2-mercapto-ethanol, and 10 mM Tris-HCl, pH 7.5). Blots were blocked with 5% 
skim milk and incubated for 1 h at 37 °C with 1E8 or AGP3 ascites diluted 1:2000 in PBS 
containing 0.05% BSA. Blots were washed 3 times with PBS-T and twice with PBS before 
incubation with HRP-GAM or HRP-GAM /x-chain for 30 min at 37 °C. Blots were washed 

10 and bands were visualized by ECL detection according to the manufacturer's instructions 
(Pierce, Rockford, IL). 

Galactose^Modification of Antibodies : Cyano-methyl>2,3,4,6-tetra-(?-acetyl-l-thio- 
6-D-galactopyranoside was reacted with 0.1 M sodium methoxide in dry methanol for 48 h 
(Marshall et al. y 1995). The methanol was removed by evaporation under vacuum and 1E8 

15 or AGP3 (5 mg/mL in pH 8.5 borate buffer) were directly added and allowed to react for 2 
h. Different amounts of galactose were incorporated into antibodies by varying the ratio of 
the reactants. The number of galactose groups introduced into antibodies was estimated by 
the reduction of trinitrobenzesulfonic acid reactive amine groups after galactose 
modification (Habeeb, 1966) using a molar extinction coefficient (e 335 ) of 1.31 x 10 4 for 

20 1E8 and 1.38 x 10 4 for AGP3. Galactose groups were also estimated by measuring amine 
groups with flouorescamine before and after galactose modification (Stocks et ai, 1986). 



-23- 



Express Mail #EL447232051 US 

Serum Half- Lives of Galactose-Modified 1E8 and AGP3 : BALB/c mice were Lv. 
injected with 200 /xg of unmodified or galactose-modified 1E8 or AGP3. Serum was 
isolated from blood samples that were periodically removed from the tail vein of mice. The 
concentrations of 1E8 or AGP3 were determined in duplicate samples by ELISA in 
5 microtiter plates coated with BG or BG-sPEG, respectively, by comparison to standard 
curves generated with known concentrations of the corresponding unmodified or galactose- 
modified antibodies. 

Clearance of AG-PEG and 5A8-BG-PEG from Serum : Groups of 3 BALB/c mice 
were Lv. injected with BG-sPEG or 5A8-6G-PEG at time zero. Blood samples were 

10 periodically removed before i.v. injection of unmodified or galactose-modified 1E8 or 
AGP3 at 24 h. Additional blood samples were taken at subsequent times and the BG 
activity in duplicate samples was measured using /7-nitrophenol 6-D-glucuronide as 
substrate (Wang et aL, 1992). Sample concentrations were calculated by comparison of 
absorbance values with standard curves constructed from known concentrations of J3G- 

15 sPEG or 5A8-BG-sPEG. For meaningful comparison of clearance results, the measured 
concentrations of BG-sPEG in mice injected with clearing antibodies were normalized to 
the mean concentration of BG-sPEG in control (uncleared) mice just before clearance by 
Nj = (CJQCj 

where N 3 is the normalized serum concentration of BG-sPEG in an experimental mouse at 
20 time j\ C mi is the mean serum concentration of BG-sPEG in the control group serum at the 
last time point before clearance, C, is the serum concentration of BG-sPEG in an 
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experimental mouse at the last time point before clearance, and C y is the serum 
concentration of BG-sPEG in an experimental mouse at time j. 

Toxicity of Clearance : The numbers of WBC, RBC, and PLT in groups of 6 
BALB/c mice were measured as described (Chen et ai y 1997) 1 day before i.v. injection 
of 50 fig of 6G-PEG or PBS. Mice were i.v. injected 24 h later with 300 fxg AGP3 or 
AGP3-208G. or 2 fractionated 150 M g doses of AGP3-208G separated by 4 h. After 
allowing 6 h for clearance; mice were i.v. injected with two 7.5 mg/kg doses of BHAMG 
in PBS. On day 8, the numbers of WBC, RBC, and PLT in serum samples were 
determined. On days 3 and 10, the spleen, liver and kidney were removed from one mouse 
in each group and fixed in 10% formalin. Ethanol dehydrated samples were embedded in 
paraffin and cut into 3 /xm sections. Sections were then dewaxed with xylene, stained with 
hematoxylin/eosin, and dehydrated before observation under a light microscope. The 
weight of mice was followed for 18 days. I 

pH Dependence of BG Activity : Fifteen fiL of BG (4 /xg/mL) was mixed in 
microtiter plates with 200 id of BG buffer (Wang et al, 1992) with pH values ranging 
from 3-10. Twenty-five of p-nitrophenol B-D-glucuronide (32 mM) was added to the 
wells at 37 °C for 15 minutes, excess IN NaOH was added to adjust the pH to greater than 
10, and absorbance was read at 405 nmina microplate reader. To test the pH stability of 
BG, enzyme in BG buffer was adjusted to pH values ranging from 3-11 for 4 h at 37 °C 
before neutralization to pH 7.0 and assay of enzymatic activity. 

Drug sensitivity of LS174T cells : LS174T cells were plated overnight in 96 well 
microtiter plates at 40,000 cells per well. Serial dilutions of pHAM or BHAMG in medium 
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containing 10% fetal calf serum were added to cells in triplicate for 24 h at 37°C. Cells 

were subsequently washed once with sterile PBS, incubated until hour 48 in fresh leucine- 

free medium and then pulsed for 12 h with [ 3 H]-leucine (l//Ci/well) in fresh medium and 

harvested with a Filter-mate (Packard). Incorporated radioactivity was determined on a Top- 

5 Count scintillation counter (Packard). Results are expressed as percentage inhibition of [ 3 H]- 

leucine incorporation compared with untreated cells (control) by the following formula: 

cpm sample - cpm background 

% inhibition = 100 x 

cpm control - cpm background 

10 

Radiolabeling of Conjugates : B72.3-6G-PEG and H25-BG-PEG were labeled with 
125 I Bolton-Hunter reagent to specific activities of 0.5-0.7 and 0.5-0.7 ^Ci//xg, respectively, 
according to the manufacturer's instructions (ICN Pharmaceuticals Inc., Costa Mesa, CA). 
Conjugates retained antigen-binding activity and specificity as determined by 

15 radioimmunoassay against bovine submaxillary gland mucin coated in 96-well microtiter 
plates. BG activity was unaffected and conjugates were not degraded as determined by gel 
autoradiography after sodium dodecyl sulfate poly aery lamide electrophoresis. 

Tumor Localization of B72.3-BG-PEG : 5 x 10 6 LS174T cells were injected s.c. in 
6-8 week old nude mice. After tumors had grown to approximately 100-200 mm 3 , 200 ng 

20 (60 /xCi) [ I25 I]B72.3-BG-PEG or [ I25 I]H25-BG-PEG were i.v. injected into the lateral tail 
vein of mice. Groups of 3 A mice were sacrificed after 24, 48, 72 and 96 h. Tumors, blood 
and organs were weighed on an analytical balance and assayed for radioactivity in a 
multichannel gamma-counter. The results are expressed as the specific uptake of the 
conjugates by the tumor or the tissue (% injected dose/g). 
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In vivo Clearance of B72.3-13G-PEG and H25-BG-PEG : Groups of 4 BALB/c nu/nu 
mice were i.v. injected with 250 /xg B72.3-BG-PEG or H25 6G-PEG at time zero. Blood 
samples were periodically removed before mice were given two i.v. injection of 300 and 
200 /xg of AGP3 at 48 and 50 h. Additional blood samples were taken at subsequent times 
5 and the 6G activity in duplicate samples was measured using p-nitrophenol B-D- 
glucuronide as substrate (Wang et aL, 1992). Sample concentrations were calculated by 
comparison of absorbance values with a standard curve constructed from known 
concentrations of B72.3-BG-PEG and H25-13G-PEG. 

Tumor Localization of B72.3-BG-PEG after Clearance : 5 x 10 6 LS174T cells were 

10 injected s.c. in 6-8 week old nude mice. After 12 days, groups of 8 BALB/c nu/nu mice 
bearing 100-200 mm 3 LS174T tumor xenografts were i.v. injected at time 6 with 200 /xg 
(140 /xCi) [ ,25 I] B72.3-BG-PEG or [ ,25 I] H25-BG-PEG. Half of the mice were i.v. injected 
48 and 50 h later with two fractionated 300 and 200 /xg doses of AGP3 whereas PBS was 
given to the other half. Mice were sacrificed after allowing 6 h for clearance. Tumors, 

15 blood and organs were weighed on an analytical balance and assayed for radioactivity in a 
multichannel y-counter. Results are expressed as specific uptake of conjugate in tumor or 
tissues (% injected dose/g). 

Therapy of LS174T Tumor Xenografts : Groups of 9 BALB/c nu/nu mice were s.c. 
injected on the right flank with 5 x 10 6 LS174T cells on day 1. On day 10, mice were i.v. 

20 injected via the lateral tail vein with PBS, 250 /xg B72.3-BG-PEG or 250 /xg H25-BG-PEG. 
48 and 50 h later mice were i.v. injected with 2 sequential doses of 300 and 200 /xg AGP3. 
Mice were i.v. injected 6 h later with BHAMG (7.5 mg/kg x 3). Control groups of tumor- 
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bearing mice were treated with BHAMG (7.5 mg/kg x 3), pHAM (2 mg/kg x 3) or PBS 
alone. Therapy was repeated starting on days 16, 26, and 41. All mice received 2-4 rounds 
of therapy. Tumor volumes (length x width x height x 0.5) were measured twice a week 
and mice weight was followed as an estimate of treatment toxicity. Mice were killed when 
5 they displayed signs of morbidity or when the tumor size exceeded 2.5 cm 3 . Groups of 8 
BALB/c nu/nu mice bearing larger 200-250 mm 3 tumors were also treated as above with 2 
rounds of therapy starting on days 1 1 and 23. 

Data Analysis : Statistical significance of differences between mean values was 
calculated with the shareware program Schoolstat (White Ant Occasional Publishing, West 
10 Melbourne, Australia) using the independent Mest for unequal variances. 

The methods described above are illustrative. They shall not be construed as 
limitations to the present invention. The present invention encompasses any variations or 
modifications of the above described methods, which are known or would have been 
known to those ordinarily skilled in the art. 
15 RESULTS 

Antibodies against 6G-PEG : Monoclonal antibodies against BG-sPEG were 
generated from spleen cells of mice that had received multiple injections of RH1-8G-PEG. 
mAb 1E8 (IgG,) and AGP3 (IgM) were selected for further characterization based on 
preliminary screening by ELISA. The binding specificities of 1E8 and AGP3 are shown in 
20 Figures 1A and IB. In Figure 1A, 1E8 (squares) and AGP3 (circles) antibodies were 
incubated in microliter plates coated with BG (open symbols) or BG-sPEG (filled symbols). 
In Figure IB, 1E8 (squares) and AGP3 (circles) were incubated in microtiter plates coated 
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with BSA (open symbols) or BSA-sPEG (filled symbols). Binding of antibodies was 
detected by measuring the absorbance of the wells at 405 nm as described in the 
Experimental Procedures. The mean absorbance values of triplicate determinations are 
shown. Bars show the standard error of the mean. 1E8 bound to BG and, to a lesser extent, 
5 BG-sPEG (Figure 1A). The apparent affinity constants of 1E8 for BG and BBG-sPEG were 
0.83 and 1.8 nM, respectively (data not shown). In contrast, AGP3 bound BG-sPEG with 
an apparent affinity constant of 0.79 nM but did not bind BG (Figure 1A), indicating that 
this antibody recognizes PEG chains present on BG-sPEG. AGP3 specificity for PEG was 
supported by the finding that it also bound BSA-sPEG but not BSA (Figure IB). As 

10 expected, 1E8 bound neither BSA nor BSA-sPEG (Figure IB). Neither of the mAbs 
affected the activity of BG (results not shown). 

Specificity of the mAb binding was further examined by immunoblotting, as shown 
in Figures 2A and 2B. Proteins were electrophoresed in a 3-12.5% gradient reduced SDS- 
PAGE, transferred to nitrocellulose paper, and probed with 1E8 (2 A) or AGP3 (2B) as 

15 described in the Experimental Procedures. Lane 1 is BG; lane 2 is BG-sPEG (2 mg of 
sPEG/mg of BG); lane 3 is BG-sPEG (20 mg of sPEG/mg of BG); lane 4 is 6G-tPEG (2 mg 
of tPEG/mg of BG); lane 5 is 6G-tPEG (20 mg of tPEG/mg of pG); lane 6 is BSA and lane 
7 is BSA-sPEG. kDa represents molecular mass in thousands. The results show that 1E8 
detected BG and PEG-modified BG (lanes 1-5), but not BSA or BSA-sPEG (lanes 6 and 7). 

20 Figure 2B shows that AGP3, in contrast, did not bind BG (lane 1) or BSA (lane 6) but 
detected all proteins that incorporated PEG (BG-sPEG, BG-tPEG, and BSA-sPEG). The 
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ability of AGP3 to bind either sPEG or tPEG-modified proteins demonstrates that this 
antibody binds to poly(ethylene glycol) rather that the linker between PEG and proteins. 

Figures 3 A and 3B demonstrate immunoblots of different [3G-PEG preparations. 
Samples were electrophoresed on an 8% reduced SDS-PAGE, transferred to nitrocellulose 
paper, and probed with 1E8 (A) or AGP3 (B) as described in the Experimental Procedures. 
Lane 1 is AG; lane 2 is BG-sPEG purified by gel filtration; lane 3 is BG-sPEG purified by 
dialysis; and lane 4 is sPEG neutralized with excess glycine. kDa is molecular mass in 
thousands. Substantial amounts of free PEG were present in BG-sPEG preparations purified 
by dialysis (Figure 3B, lane 3). AGP3 immunoblotting of sPEG after neutralization with 
glycine (Figure 3B, lane 4) produced a similar smeared band, indicating that the low 
molecular weight material in BG-sPEG corresponded to free PEG rather than to degraded 
BG-sPEG fragments. Purification of BG-sPEG by gel filtration on Sephacryl S-200 HR 
resulted in the removal of free PEG (Figure 3B, lane 2). This 6G-PEG conjugate, 
containing 9.2+0.3 sPEG groups/BG subunit and possessing 69% of original enzymatic 
activity, was employed in all subsequent experiments using BG-sPEG . 

The antigen-binding specificity of AGP3 was further examined by immunoblotting, 
as shown in Figures 4A and 4B. Proteins were electrophoresed in a 3-12.5% 
poly aery lamide gel under reducing conditions, transferred to nitrocellulose paper and 
probed with mAb 1E8 (Fig. 4 A) or AGP3 (Fig. 4B) as described in the Experimental 
Procedures. Lane 1 is BG-PEG-BG (BG modified with polyethylene glycol di-succinimidyl 
succinamide); lane 2 is unmodified BG; and lane 3 BG-pPEG (BG modified with 
methoxypolyethylene glycol succinimidyl propionate). The electrophoretic mobility of BG- 
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pPEG (Fig. 4A, lane 3) was slower than unmodified BG (Fig. 4A, lane 2), demonstrating 
successful conjugation of pPEG to BG. BG was also successfully crosslinked with PEG to 
form 6G-PEG-BG (Fig. 4A, lane 1). 6G-PEG-BG does not contain a terminal methoxy 
group on the PEG chain. AGP3 bound BG-pPEG (Fig. 4B, lane 3) and 6G-PEG-6G (Fig. 
5 4B, lane 1) but not unmodified BG (Fig. 4B, lane 2). Binding of AGP3 to BG-PEG-8G 
shows that AGP3 binds to the backbone of PEG rather than the methoxy group present at 
the terminal of mPEG. This finding indicates that multiple AGP3 mAbs can bind to a single 
PEG chain and prompted us to examine whether AGP3 could be employed in a sandwich 
ELISA for the detection of PEG-modified proteins. 

10 AGP3 ELISA: AGP3 was examined for use in the ELISA detection of PEG- 

modified proteins, AGP3 was modified with a 25-fold molar excess of NHS-LC-biotin to 
produce AGP3-biotin. In Figure 5, AGP3 (squares) or AGP3-biotin (circles) were incubated 
in a microtiter plate coated with BG-tPEG. Antibody binding to immobilized PEG was 
detected with HRP-GAM /x-chain antibody (open symbols) or streptavidin-HRP (filled 

15 symbols). Results represent average values of duplicate determinations. AGP3-biotin 
retained the same antigen binding activity to BG-tPEG as AGP3 in ELISA using HRP-GAM 
fi-chain antibody for detection (Fig. 5). Detection of antibody binding to BG-PEG with 
streptavidin-HRP showed that AGP3-biotin but not AGP3 could be detected (Fig. 5), 
demonstrating that biotin was indeed incorporated into AGP3-biotin. 

20 A sandwich ELISA was developed in which AGP3 was employed for the capture 

step and AGP3-biotin used for detection. In Figure 6, serial dilutions of BG-pPEG in PBS 
(O) or 10% mouse serum (□) as well as BG in PBS (A) were incubated in a microtiter plate 
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coated with AGP3. Binding of BG-pPEG to the immobilized AGP3 was detected by 
sequential addition of AGP3-biotin and streptavidin-HRP. Results represent mean values of 
triplicate determinations. Bars indicate the standard error of the mean. Figure 6 shows that 
this assay could detect BG-pPEG at concentrations at least as low as 15 ng/ml; This 
5 corresponds to 2.6 ftnol of BG-pPEG or 500 pg of PEG. The assay only detected PEG- 
modified protein as shown by the lack of signal when unmodified BG was assayed (Fig. 6). 
The effect of serum on the ELISA was examined by adding 10% mouse serum to samples 
before assay. The sensitivity of the assay was about the same as without serum (Fig. 6), 
indicating that this ELISA should be applicable to pharmacokinetic studies of PEG-modified 

10 molecules and proteins. The AGP3 ELISA was employed to measure the pharmacokinetics 
of BG-pPEG in mice. In Figure 7, a BALB/c mouse was i.v. injected with 150 fig BG- 
pPEG. Blood samples were periodically removed from the tail vein and assayed for 8G- 
pPEG concentration by ELISA. Figure 7 shows that after a period of rapid clearance, BG- 
pPEG was eliminated from the circulation with a first-order half-life of 19.2 h. This result 

15 indicates that the newly developed ELISA can be employed to determine the 
pharmacokinetics of PEG-modified compounds. 

There are currently no methods to directly measure low concentrations of intact 
PEG-conjugates for pharmacological studies. Conjugates can be indirectly measured by first 
radiolabeling the protein (Kaneda et al y 1995; Cheng et al, 1997; Yabe et al. y 1999) or 

20 PEG (Mullin et al. y 1997), but radioisotopes pose safety concerns and require special 
handling. Functional assays can be employed to measure the concentration of the protein 
component of conjugates (Esslinger et al, 1997; Cheng et al. y 1999), but no information is \ 
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provided about the stability of covalently attached PEG chains. Methods that measure the 
number of PEG molecules attached to a protein (Habeeb, 1966; Stocks et al., 1986) require 
that purified conjugate be employed which is difficult to achieve in pharmacokinetic studies. 
Methods that directly measure the concentration of PEG are relatively insensitive. 
5 Colorimetric methods based on complex formation between barium-iodide and PEG require 
that proteins are first removed and have detection limits of around 1-5 pig PEG (Childs, 
1975). A colorimetric method based on partitioning of a chromophore present in aqueous 
ammonium ferrothiocyanate reagent can be employed for complex protein mixtures but has 
a detection limit of 1-5 /xg PEG (Nag et ai, 1996; Nag et a/., 1997). High performance 

10 liquid chromatography can measure PEG with a detection limit around 1-5. jxg/ml (Kinahan 
and Smyth, 1991; Ryan et al y 1992; Ruddy and Hadzija, 1994; Miles et ai y 1997). Phase- 
partitioning can be employed to measure PEG but the assay sensitivity is about 1 fig PEG 
(Guermant et al, 1995). Finally, polyclonal antibodies against PEG can detect the presence 
of 1 /ig/ml PEG in PEG-modified proteins (Richter and Akerblom, 1983). The newly 

15 developed ELISA can measure 500 pg of PEG in BG-pPEG, approximately 4 orders of 
magnitude more sensitive than other methods. In addition, the AGP3 ELISA does not 
require prior separation of PEG-conjugates from complex mixtures, simplifying application 
to pharmacokinetic studies. 

Glactose-Modification of Antibodies : 1E8 and AGP3 were derivatized with galactose 

20 to target their uptake by the asialoglycoprotein receptor on hepatocytes. Modification of 1E8 
with increasing amounts of activated galactose resulted in the incorporation of up to 47 
galactose residues/antibody, as shown in Table 1. 
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Table 1 

Characteristics of Galactose-Modified Monoclonal Antibodies 



Galatose 




Incorporated galactose 






Incorporated galactose 




added 1 


Conjugate 


Groups/mAb 


Activity 41 


Conjugate 


Groups/mAb 


Activity 41 


(rog/mg) 


Name 


Fluor* 


(% control) 


Name 


Fluor 1 * 


TNBS C 


(% control) 






TNBS C 












0 


1E8 


0 0 


100 


AGP3 


n 
\J 


u 


100 


0.9 


IE8-9G 


1210 


100 


AGP3-64G 


60+18 


67±10 


72 


.1.8 


1E8-I9G 


7W.6 


82 


AGP3-I30G 


130£4 


130+13 


64 


5.5 


1E8-36G 


17±2 


72 ' 


AGP3-208G 


,210+8 


205±21 


48 


10.9 


1E8-46G 


21+2 


62 


AGP3-285G 


290+0.1 


280±8 


43 


16.4 


1E8^I7G 


35+0.7 


66 


AGP3-295G 


31O10.1 


280+7 


42 






37+2 
















48+0.1 
















44±3 
















47±0.3 
















46+2 













* The amount of activated galactose added per milligram of antibody. b Determined by the fluorescamine method as described by Stocks 
et at. (1986). f Determined by the trinitrobenzesulfonjc acid method as described in the Experimental Procedures. * Antigen-binding 
activity determined by EL1SA. 
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Introduction of up to 20 galactose residues did not affect the binding of 1E8 to 6G 
whereas greater incorporation of galactose decreased 1E8 activity by about 35%. A 
maximum of about 290 galactose residues could be introduced into AGP3 (Table 1). The 
5 greater number of galactose residues incorporated into AGP3 primarily reflects the larger 
size of the IgM molecule; galactose incorporation for both 1E8 and AGP3 corresponded to 
03 galactose moieties/kDa of antibody. AGP3 was more sensitive to galactose modification 
with a 2.4-fold decrease in antigen-binding activity at the highest levels of galactose 
incorporation. 

10 The half-lives of galactose -modified antibodies were determined in BALB/c mice, as 

shown in Figures 8A and 8B. Each of the BALB/c mice was i.v. injected with 200 fig of 
1E8 (•), 1E8-9G (□), 1E8-19G (o), 1E8-36G (A), or 1E8-46 (O) (Fig. 8A) or 200 /xg of 
AGP3 (•), AGP3-64G (□), AGP3-130G (o), AGP3-208G (A), or AGP3-285G (O) (Fig. 
8B). The concentration of antibodies in serum samples taken at the indicated times was 

15 measured as described in the Experimental Procedures. Figure 8A shows that 1E8 was 
eliminated from serum with a half-life of 22 h. Introduction of increasing numbers of 
galactose residues into 1E8 resulted in progressively faster initial clearance rates. Even at 
the highest galactose incorporation, however, residual concentrations of 1-4 /xg/mL 1E8- 
46G were present in the serum after 5 h. Unmodified AGP3 cleared from serum with a half- 

20 life of 13 h but in contrast to galactose-modified 1E8, almost no residual antibody could be 
detected in the circulation within 5 h after administration of AGP3 modified with more than 
130 galactose moieties (Figure 8B). Increasing the level of galactose residues per antibody 
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did not greatly affect the initial rate of clearance, but did increase the total amount of 
antibody that was removed from the circulation. For example, the concentrations of 1E8- 
9G, -IE8-19G and 1E8-36G in serum were 45%, 5.3% and 1.2% of 1E8 levels after 8 h. 
The galactose-modified antibodies that were not removed from the circulation within the 
5 first 5 h exhibited similar elimination kinetics as\unmodified 1E8, indicating that a critical 
number of galactose residues was required for efficient uptake by the asialoglycoprotein 
receptor, similar to the results found for galactosylated BSA and superoxide dismutase 
(Nishikawa et al , 1995). The more efficient uptake of galactosylated AGP3 ( 99.5% by 4 h 
for > 130 galactose moieties) compared to galactose-modified 1E8 was unlikely due to 

10 differences in the surface density of galactose groups since galactose incorporation was - 
similar based on the molecular weights of 1E8 and AGP3. The asialoglycoprotein receptor 
is a hetero-oligomer composed of two types of polypeptide chains (Lodish, 1991). High 
affinity binding of ligands involves the interaction of three galactose residues in ligands with 
sites in both polypeptide chains (Rice et at, 1990). Specific orientation of the galactose 

15 residues is required for high affinity receptor binding (Lee et ai y 1983; Townsend et aL, 
1986), suggesting that the orientation of incorporated galactose groups in the pentameric 
structure of IgM may promote high-affinity binding to the asialoglycoprotein receptor. On 
the basis of the elimination kinetics of the antibodies, 1E8-36G and AGP3-208G were 
selected for further study. 

20 In vivo Clearance of BG-PEG : The ability of mAbs 1E8 and AGP3 to clear BG- 

sPEG from the circulation is shown in Figure 9. Mice injected with 200 fig of BG-sPEG at 
time 0 were i.v. injected 23 h later with PBS ( ) or 250 ng of 1E8 (A), 1E8-36G (A), 
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AGP3 (□), or AGP3-208G (■). The concentration of BG-sPEG in serum samples was 
measured and normalized as described in the Experimental Procedures. Mean 
concentrations from three mice are shown. Significant differences between AGP3 and 1E8 
clearance are indicated by: *, p < 0.05; ** p < 0.005; ***, p < 0.0005. Significant 
5 differences between 1E8-36G and AGP3-208G clearance are indicated by: +, p < 0.05; 
++,/? < 0.005; + + + 9 'p < 0.0005. Bars indicate the standard error of the mean. As 
shown in Figure 9, both 1E8 and AGP3 accelerated the clearance of BG-sPEG from the 
circulation. 1E8-36G cleared significantly more BG-sPEG than 1E8 at early times but by 8 h 
after antibody administration there was no significant difference between these antibodies. 

10 AGP3 and AGP3-208G cleared significantly more BG-sPEG than either 1E8 or 1E8-36G at 
all times examined. BG-sPEG was cleared equally well by AGP3 and AGP3-208G under 
these experimental conditions. 

Figure 10 shows a dose dependent relation between AGP3 dose and efficiency of 
BG-sPEG clearance. Groups of three mice were injected at time 0 with 50 /xg of BG-sPEG 

15 followed 24 h later by PBS (•), 150 Hg of AGP3 (□), 150 ^g of AGP3-208G (A), 300 /xg 
of AGP3 (■), or 300 /xg of AGP3-208G (A). The concentration of 6G-PEG in serum 
samples was measured and normalized as described in the Experimental Procedures. Mean 
concentrations from three mice are shown. Significant differences between AGP3 and 
AGP3-208G groups are indicated by; *, p < 0.05. Bars indicate the standard error of the 

20 mean. Figure 10 shows that i.v. injection of 150 or 300 /xg of AGP3 or AGP3-208G 24 h 
after i.v. injection of 50 /xg of BG-sPEG resulted in rapid removal of 90-95% of the enzyme 
within 1.5 h. The concentration of pG-sPEG in the circulation, however, rebounded from a 



Express Mail 0EL447232O51US 

minimum of about 2 pg/mL to 4-5 (ig/mL 8 h after injection of AGP3-208G. In contrast, 
the concentration of 6G-sPEG decreased to 1.0 /xg/mL 8 h after injection of 300 /xg of 
AGP3. Although a dose of 300 /xg of AGP3 appeared to more completely clear BG-sPEG 
compared to 150 /xg of AGP3, the difference was only significant (p < 0.05) 1.5 h after 
5 antibody administration. In contrast, clearance of 6G-sPEG with both 150 and 300 /xg of 
AGP3 was significantly (p < 0.05) better than clearance with either dose of AGP3-208G at 
all times. The better clearance achieved by unmodified AGP3 can be attributed to the 
prolonged half life of AGP3 (x I/2 =13 h) compared to AGP3-208G (r m <l h) ; pG-sPEG 
released from normal tissues after rapid removal from blood could be bound and cleared by 

10 free AGP3 remaining in the blood pool whereas the rapid endocytosis of both free and 
complexed AGP3-208G prevented further formation of complexes with pG-sPEG. This 
behavior is clearly evident in figure 10 where the concentration of PG-sPEG in the 
circulation rebounded after an initial period of rapid clearance by AGP3-208G. AGP3 also 
efficiently cleared 5 A8-8G-PEG, reducing the serum concentration of conjugate by 280 fold 

15 within 2 hours and by 940 fold within 48 hours, as shown in Table 2. 

Hindered binding of 1E8 by PEG chains on BG-sPEG may have contributed to the 
high residual serum concentrations of BG-sPEG after 1E8 administration. The pentameric 
structure of AGP3 combined with the presence of multiple PEG chains on each 8G tetramer 
may have promoted the formation of large immune complexes, which are cleared more 

20 rapidly than small immune complexes. AGP3 appears to produce more rapid and complete 
clearance than other antibodies previously employed for clearance, which have been limited 
to IgG fractions of polyclonal antiserum (Bradwell et aL y 1983; Sharkey et ai, 1984; 
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Begent et ai, 1989; Pedley et al. y 1989) or monoclonal IgG antibodies (Sharma et al, 
1990; Kerr et al, 1993; Haisma et ai y 1995). Polyclonal IgG antibodies reduced 
radioimmunoconjugate levels in serum from around 10-fold (Bradwell et al., 1983; Sharkey 
et al, 1984; Begent et al. 9 1989) to 130-fold (Pedley et al. y 1989) in 24 h whereas 
5 monoclonal IgG antibodies reduced the serum levels of antibody-enzyme conjugates from 3- 
10 fold in a few hours (Sharma et al 9 1990; Haisma et al. 9 1995) to 40-60 fold in 24 h 
(Kerr et al, 1993; Wallace et al, 1994). In comparison, AGP3 reduced the serum 
concentration of 5A8-6G-PEG by 280-fold in 2 h and 940-fold in 24 h. Although it is 
difficult to directly compare clearance results employing different immunoconjugates and 
10 experimental conditions, these results suggest that IgM may clear immunoconjugates from 
blood more rapidly and completely than IgG. 



Table 2 

Clearance of 5A8-pG-PEG by AGP3 



Time 


No clearance 


AGP3 clearance 


(hour) 


(Hg/mL) 


(jag/mL) reduction" (fold) 


24 


24 ±2.1 


37+1.5 1.0 


26 


18 ±3.5 


0.10 + 0.001 280 


48 


6.1 ±0.7 


0.01 +0 940 



15 2 Groups of 3 mice were i.v. injected with 175 \ig of 5A8-BG-PEG. At 24 and 25 hours, mice were injected 

with PBS (no clearance) or 300 ug of AGP3. The concentration of 5A8-BG-PEG in serum was determined by 
measuring AG activity. b The ratio of 5A8-6G-PEG in serum without clearance to the concentration with 
clearance, normalized for the difference in conjugate concentrations at 24 hour. 
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PEG modification is a useful technique to improve the stability, prolong serum half- 
life and decrease the antigenicity and immunogenicity of proteins. Since AGP3 binding to 
PEG is protein independent, this antibody may be generally applicable to clearance of any 
PEG-modified immunoconjugates. However, clearance of immunoconjugates from the 
circulation may also result in decreased tumor accumulation of the immunoconjugates, 
probably due to a concentration gradient of the conjugates from tumor to blood, which 
allows the immunoconjgates to be dissociated from tumor antigen and released into the 
blood. But this undesirable process may be slowed down by using IgM type antibodies 
since IgM is larger in size; which may delay its entrance into the tumor interstitial space 
thereby minimizing interactions between localized immunoconjugates and the antibody. In 
addition, the rapid clearance achieved by using AGP3 permits administration of prodrugs 
or other targets before a significant amount of immunoconjugates are released from the 
tumor. 

Prodrug Toxicity after Clearance of BG-sPEG : Clearance of circulating BG-sPEG 
should reduce systemic activation of the glucuronide prodrug BHAMG, thereby reducing 
toxicity. One concern of employing IgM to clear proteins is that the immune complexes 
could be deposited in organs and cause tissue damage. In addition, deposition of BG-PEG 
on the surface of cells could result in prodrug activation and tissue toxicity. Organ tissue 
sections from mice that were injected with PBS or BG-sPEG followed 24 h later by AGP3 
and then BHAMG were examined after 3 or 10 days as shown in Figure 11. Mice were 
injected with PBS (A C) or BG-sPEG (D-F) on day 1. Mice were i.v. injected with AGP3 
and with BHAMG 24 and 30 h later, respectively. Tissue sections of liver (A, D), kidney 
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(B, E), and spleen (C, F) recovered 10 days later were stained with hematoxylin and eosin. 
Figure 1 1 shows that the injection of AGP3 and BHAMG as well as clearance of BG-sPEG 
with AGP3 before BHAMG administration did not cause obvious damage to the liver, 
spleen, or kidney 10 days after BHAMG administration. Similarly, no tissue damage was 
5 observed 3 days after prodrug administration (results not shown). 

The toxicity associated with clearance and prodrug administration was also assessed 
by measuring the weight and blood cells of mice, as shown in Figures 12A and 12B. 
Groups of 4 mice were i.v. injected at time zero with PBS (control) or BG-sPEG . Twenty- 
four hours later, mice received i.v. injections of 300 /xg of AGP3 (control and AGP3 

10 groups), 300 /xg of AGP3-208G, 150 /xg of AGP3-208G (x2, 4 h delay), or PBS (no 
clearance). Six hours later, all mice were i.v. injected with BHAMG. Figure 12A shows 
the time course of mouse weight (% of initial weight) and Figure 12B shows the mean 
numbers of WBC, RBC, and platelets on day 8. Significant differences between the control 
and experimental groups are indicated by: *, p < 0.05; **, p < 0.005; ***, p < 0.0005. 

15 Bars indicate the standard error of the mean. Administration of AGP3 and 15 mg/kg 
BHAMG (control group) produced only a small transient decrease in the weight of mice 
(Figure 12A). In contrast, injection of 50 /xg of BG-sPEG 24 h before administration of 
BHAMG (no clearance) caused significant weight loss and resulted in the death of 1 of 4 
mice. Clearance of BG-sPEG with 300 /ig of AGP3 or 2 injection of 150 /xg of AGP3- 

20 208G before prodrug administration prevented significant weight loss compared to the 
control group. Mice that were cleared with one 300 /xg dose of AGP3-208G before 
injection of BHAMG lost significantly more weight than control mice after day 8, but the 
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loss was much Jess than in the uncleared mice. Figure 12B shows that the numbers of 
RBC, WBC and PLT were significantly reduced in mice injected with BG-sPEG and 
BHAMG (no clearance) compared to mice injected with AGP3 and BHAMG (control 
mice). In contrast, the numbers of RBC, WBC, and PLT in mice in which BG-sPEG was 
5 cleared with 300 \ig of AGP3 before BHAMG administration were not significantly 
different from control mice. Clearance of BG-sPEG with AGP3-208G before injection of 
prodrug reduced but did not eliminate hematological toxicity. 

AGP3/6G-PEG immune complexes may be routed to the acidic environment of 
lysosomes after clearance. The pH sensitivity of BG is shown in Figure 13. BG was assayed 
10 for enzymatic activity at various pH values (□) or incubated at the indicated pH for 4 h 
before neutralization and assay at pH 7.0 (O). Results represent percentage of maximum 
activity. BG was irreversibly deactivated at pH values less than 5.0 or greater than 9.0 
(Figure 13). 

Soluble IgM immune complexes are primarily removed from the circulation and 
15 catabolized by the mononuclear phagocyte system in the liver, spleen and lungs, possibly 
by receptor-mediated binding of high mannose oligosaccharides exposed upon 
conformational changes in IgM after binding to antigen (Day et aL, 1980). The low 
toxicity of BHAMG after clearance of BG-sPEG with AGP3 indicates that immune 
complexes formed between AGP3 and BG-sPEG are rapidly internalized where BG is 
20 inactivated, degraded or inaccessible to prodrug. Routing of BG-sPEG to lysosomes is 
expected to result in loss of enzymatic activity because BG is irreversibly inactivated at pH 
values lower than 5.0. Deactivation of BG in lysosomes may prevent accumulation of 
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active enzyme and prodrug activation in the liver as observed after antibody-mediated 
clearance of carboxypeptidase G2 conjugates (Rogers et al., 1995). 

Characterization of the LS174T tumor model : LS174T colon adenocarcinoma cells 
were used as a human tumor model to examine the effect of clearance on the localization 
5 and therapeutic efficacy of glucuronide prodrug activation by B72.3-BG-PEG, a conjugate 
formed by covalently linking F(ab') 2 fragments of mAb B72.3 to PEG-modified BG. In 
Figure 14A, mAb B72.3 (□), B72.3-BG-PEG (A) and the control conjugate H25-BG-PEG 
(O) were assayed by ELISA for binding to bovine submaxillary gland mucin. Absorbance 
(405 nm) of wells was measured 30 min after addition of ABTS substrate. In Figure 14B, 

10 the absorbance (405 nm) of wells containing the indicated concentrations of pG (□), 
B72 3-BG-PEG (A) and H25-6G-PEG (O) was measured 15 min after addition of PNPG 
substrate. Results show the mean values of duplicate determinations. Bars indicate the 
standard error of the mean. B72.3-BG PEG retained 75% of the mucin binding activity of 
mAb B72.3 (Fig. 14 A) and 100% of the enzyme activity of unmodified pG (Fig. 14B). 

15 Control conjugate H25-BG-PEG did not bind LS174T cells (Fig. 14A) but retained 92 4% 
of native BG activity (Fig. 14B). 

As shown in Figure 15, frozen section of LS174T tumors were incubated with mAb 
B72.3 (A) or H25B10 (B) followed by biotin-labeled goat anti-mouse Ig and streptavidin- 
HRP before addition of substrate. Magnification is 200x. The sections were counterstained 

20 with hematoxylin. Examples of positive immunostaining are indicated with arrows. 
Immunohistochemical analysis of antibody binding confirmed that mAb B72.3 (Fig. 15 A) 
but not mAb H25B10 (Fig. 15B) bound to LS174T xenografts. mAb B72.3 binding to 

-43- 



Express Mail #EL44723205 1 US 

LS174T sections was heterogeneous (Fig. 15A). The sensitivity of LS174T tumor cells to 
pHAM and BHAMG was determined by measuring [ 3 H]-leucine incorporation into cellular 
proteins after exposure to drugs for 24 h. Comparison of IC50 values showed that BHAMG 
was 800 times less toxic than pHAM to LS174T cells as shown in Figure 16 where 
5 LS174T colon adenocarcinoma cells were exposed to pHAM (□), BHAMG (O) or 
BHAMG plus 1 /xg/well BG (A) for 24 h, washed with PBS and incubated in fresh medium 
for 24 h before [ 3 H]-leucine incorporation was determined. The cellular protein synthesis 
rate of drug-treated cells is compared to untreated control cells. Bars indicate the standard 
error of triplicate determinations. The simultaneous addition of BG and BHAMG to tumor 

10. cells resulted in a cytotoxic effect equal to pHAM alone, indicating efficient cleavage of 
the glucuronide functional group of BHAMG. 

Tumor localization of B72.3-BG-PEG : Figure 17 shows that ,25 TB72.3-BG-PEG 
preferentially localized in LS174T xenografts. Radioactivity of tumors and tissues was 
determined (A) 24, (B) 48, (C) 72 and (D) 96 h after nude mice bearing 100-200 mm 3 

15 LS174T tumors were i.v. injected with 200 ng (140 |iCi) ,25 I-B72.3-BG-PEG (solid 
columns) or l25 I-H25~BG-PEG (open columns). Results represent the mean values of three 
mice. Significant differences between B72.3-BGPEG and H25-BG-PEG are indicated by; 
*, p < 0.05; **, p < 0.005. Bars show the standard error of the mean. Maximum 
accumulation of ,25 I-B72.3-6G-PEG in LS174T xenografts (3.11 ± 0.8% injected dose/g) 

20 was achieved within 48 h after injection. However, the tumor to blood ratio at 48 h was 
only 1.9. The tumor/blood ratio of B72.3-6G-PEG increased to 4.8 at 96 h but 
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immunoenzyme in tumors decreased about 3-fold from levels achieved at 48 h. ,25 I-H25- 
BG-PEG did not specifically localize in LS174T xenografts (Figs. 17A-D). 

In vivo clearance of B72.3-6G-PEG and H25-BG-PEG: The ability of AGP3 to 
clear B72.3-6G-PEG and H25-6G-PEG from the circulation was examined by i.v. injecting 
5 BALB/c mice with 250 jig conjugates at time 0 followed 48 and 50 h later by two i.v. 
injections of 300 and 200 /xg AGP3 or PBS. Mean serum concentrations from 2-3 mice are 
shown. Bars indicate the standard error of the mean. Figure 18 shows that AGP3 reduced 
the concentration of B72.3-BG-PEG in blood by 33-fold (13.4 to 0.41 |ig/ml) and H25-BG- 
PEG by 65-fold (16.8 to 0.26 ng/ml) in 6 h. 

10 Tumor localization of B72.3-BG-PEG with AGP3 clearance : The effect of clearance 

on tumor localization was determined in groups of 6-7 BALB/c nu/nu mice bearing 100-200 
mm 3 LS174T tumor xenografts. Mice were i.v. injected at time 0 with 200 \xg (140 jaCi) 
I25 I-B72.3-6G-PEG (Fig. 19A) or ,25 I H25-6G-PEG (Fig. 19B). At 48 and 50 h, half the 
mice were i.v. injected with two fractionated doses of AGP3 (300 and 200 ^g, open 

15 columns) whereas the other half received PBS (solid columns). Mice were sacrificed after 6 
h and tumors, blood and organs were assayed for radioactivity. Results represent the mean 
values of 3-4 mice. Significant differences between immunoenzyme uptake with and without 
AGP3 clearance are indicated by; *, p < 0.05; **, p < 0.005. Bars show the standard error 
of the mean. Figure 19A shows that tumor localization of B72.3-BG-PEG after AGP3 

20 clearance did not significantly (p > 0.1) differ from tumor uptake without clearance (2.35 
+ 0.18 versus 2.14 ± 0.23 % injected dose / g). In contrast, the radioactivity in serum and 
all tissues except for the colon was lower with AGP3 clearance. This resulted in improved 
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tumor/tissue ratios of B72.3-BG-PEG for most tissues (Table 3). For example, the 
tumor/blood ratio increased from 3.9 ± 0.2 to 29.6 ±3.1. Although the control conjugate 
did not specifically accumulate in LS174T xenografts, clearance with AGP3 further 
decreased the concentration of H25-6G-PEG in the blood and most tissues (Figure 19B). 
5 Thus, AGP3 not only reduced the serum concentration of conjugates by 33-65-fold in 6 h 
but also accelerated the clearance of immunoenzyme from most normal tissues. Importantly, 
AGP3 did not significantly reduce tumor accumulation of B72.3-BG-PEG, in contrast to 
some other clearance systems (Pedley et al y 1989; Sharkey et aL y 1992; Kerr et aL f 1993). 
The large size of AGP3 (IgM) may hinder passage of the mAb into the tumor interstitial 
10 space, minimizing interactions between localized immunoconjugate and AGP3. The low 
tumor/blood ratio without clearance can be attributed to the loss of immunoenzyme from the 
tumor during the prolonged period required for immunoenzyme to reach safe levels in 
serum. Clearance of immunoenzyme with AGP3 can allow earlier administration of prodrug 
when immunoenzyme localization at tumor cells is maximal. 
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Table 3 



The tumor/tissues ratio of conjugates after clearance with AGP3 







Tumor / Tissue Ratio 




B72.3-BG-PEG 


H25-6G-PEG 


Tissue 


No clearance 


AGP3 clearance 


No clearance 


AGP3 clearance 


Tumor 


1 


1 


1 


1 


Blood 


3.9 ± 0.2 


29.6 ± 3.1 


0.3 ± 0.1 


2.2 ± 0.8 


Lung 


12.5 ± 3.3 


33.5 ± 3.0 


1.4 ± 0.4 


5.5 ± 2.1 


Liver 


15.9 ± 2.9 


19.2 ± 0.8 


1.1 ± 0.2 


1.5 ± 0.6 


Spleen 


19.0 ± 2.6 


27.7 ± 5.2 


1.8 ± 0.5 


3.5 ± 1.5 


Kidney 


18.1 ± 1.3 


31.0 ± 2.0 


1.4 ± 0.5 


2.2 ± 0.2 


Intestine 


6.4 ± 1.7 


165 ± 56 


4.8 ± 1.3 s 


10.1 ± 2.9 


Colon 


54.3 ± 7.4 


50.2 ± 8.3 


3.6 ± 0.5 


3.1 ± 0.33 


Urine 


1.1 ±0.1 


0.6 ± 0.1 


0.1 ± 0.02 


0.03 ± 0.001 



Groups of 3 or 4 mice bearing 100-200 mm-* solid LS174T tumors were injected with radiolabeled conjugates 
5 follow 48 h later by two i.v. injections of AGP3 or PBS. After 6 h, tumors, blood, urine and normal tissues 

were removed and counted in a gamma counter. , 

The radioactivity in urine after clearance of both B72.3-6G-PEG and H25-6G-PEG 
with AGP3 was significantly (p < 0.005) greater than without clearance (results not shown). 
10 Autoradiographic analysis of urine samples after electrophoresis on SDS PAGE revealed the 
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presence of low-molecular- weight 125 Mabeled peptides but no intact conjugates (data not 
shown), indicating that AGP3 clearance resulted in the rapid metabolism of conjugates. 

Therapy of LS174T xenografts: The antitumor activity of BHAMG in combination 
with B72.3-pG-PEG after clearance of free conjugate with AGP3 was examined. As shown 
5 in Figure 20A, groups of 9 BALB/c nulnu mice bearing 50-100 mm 3 LS174T tumors were 
i.v. injected with B72.3-BG-PEG (□) or H25-BG PEG (■) on day 9 followed by two i.v. 
injections of AGP3 on day H. After 6 h, mice were i.v. injected with BHAMG (7.5 mg/kg 
x 3). Control groups of tumor-bearing mice were treated with BHAMG (A), pHAM (O) or 
PBS (•) alone. Therapy was repeated starting on days 16, 26 and 41. Results show the 
10 mean tumor size. Bars indicate the standard error of the mean. The mean size of tumors in 
mice sequentially treated with B72.3-BG-PEG, AGP3 and BHAMG was significantly (p 

< 0.0005) smaller than control tumors after day 14. Table 4 shows that treatment toxicity 
with clearance was minimal with a maximum weight loss of 6 % over 4 rounds of therapy. 
In contrast, pHAM treatment caused a maximum weight loss of 13% over 2 rounds of 

15 therapy even though it did not provide antitumor activity. As shown in Figure 20B, groups 
of 8 nude mice bearing larger (200-250 mm 3 ) LS174T tumors were treated with two round 
of therapy as above starting on days 11 and 23. The mean size of tumors in mice 
sequentially treated with B72 3-6G-PEG, AGP3 and BHAMG was significantly (p_ 

< 0.005) smaller than control tumors after day 16. The degree of tumor suppression 
20 achieved with minimal toxicity by prodrug therapy compares favorably with conventional 

drugs such as 5-fluorouracil (Blumenthal et aL, 1994) and doxorubicin (Meyer et aL y 1995) 
in the LS174T xenograft model. B72.3-BG-PEG appeared to be rapidly catabolized into 
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small peptides that were eliminated in the urine and possibly bile. Soluble IgM immune 
complexes are primarily removed from the circulation and catabolized by the mononuclear 
phagocyte system in the liver, spleen and lungs by receptor-mediated binding of high 
mannose oligosaccharides exposed upon conformational changes in IgM induced by antigen 
binding (Day et al., 1980). The low toxicity of BHAMG treatment observed after clearance 
of B72.3-6G-PEG with AGP3 indicates that cleared conjugate was unavailable for prodrug 
activation, consistent with rapid degradation of the immunoenzyme after clearance. 
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Table 4 
Toxicity of therapy 



Weight loss % 


Round of therapy 




1 


2 


3 


4 


PBS 


o 


0 


0 


NM 


pHAM 


6.8 


13.0 


NM 


NM 


BHAMG 


1.7 


4.0 


1.7 




B72.3-BG-PEG 
/ AGP3 / BHAMG 


3.5 


5.0 


3.8 


6.0 


H25-0G-PEG 

/ AGP3 / BHAMG 


3.9 


6.6 


4.6 


NM 



NM: not meaningful due to mouse deaths. 



Most of the enzymes currently under investigation for the targeted activation of anti- 
neoplastic prodrugs are of microbial origin such as 6-lactamase from Enterobacter cloacae 
(Kerr et ai, 1995), carboxypeptidase G2 from Pseudomonas species (Blakey et al\ 1996), 
B-glucuronidase (Chen et ai y 1997), nitroreductase (Anlezark et ai, 1995) and penicillin-G 
10 amidase (Vrudhula et oL 7 1993) from Escherichia coli y and cytosine deaminase from bakers 
yeast (Wallace et ai, 1994). These enzymes are expected to induce a strong immune 
response as has been found for carboxypeptidase G2 in a pilot clinical trial (Sharma et aL , 
1996), thereby limiting the number of times that immunoenzymes can be administered to 
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patients. The utilization of human enzymes to activate antineoplastic prodrugs may not 
completely prevent this problem since recombinant human proteins can also induce immune 
responses in patients (Atkins et aL, 1986; Gribben et aL, 1990). Immunosuppressive drugs 
such as cyclosporin A, cyclophosphamide and deoxyspergualin can decrease or delay the 
5 immune response against antibodies (Ledermann et aL, 1988), immunotoxins (Pai et aL, 
1990) and antibody-enzyme conjugates (Sharma et aL, 1996). Immunosupression, in 
addition to producing toxicity in some patients (Sharma et aL, 1996), may hinder the 
development of antitumor immunity generated by prodrug therapy (Chen et aL , 1997). 

Immune responses against proteins can be attenuated by attachment of PEG 
10 (Abuchowski et al., 1977). PEG, in contrast to immunosuppressive drugs, is not toxic and 
does not affect systemic immunity. PEG modification has been shown to reduce the 
irronunogenicity of enzymes (Abuchowski et aL, 1977b), antibodies (Kitamura et aL, 1991), 
toxins (Wang et aL, 1993) and recombinant human proteins (Katre, 1990). PEG- 
modification of bacterial enzymes may allow repeated administration of immunoenzymes for 
15 ADEPT without the need to employ toxic immunosuppressive drugs. PEG-modified 
enzymes of the proper molecular size can also preferentially accumulate in tumors and are 
under investigation for tumor selective prodrug activation (Bagshawe et al, 1999). AGP3 
binds to the backbone of PEG independent of the linker or protein employed. AGP3 should 
therefore be generally applicable to the accelerated clearance of PEG-modified 
20 immunoenzymes, radioimmunoconjugates and imaging agents as well as for the analysis of 
PEG-modified proteins. 
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